Summary. The food was available ; they were noted in all groups at times when the animals were least active according to records kept throughout gestation. Thus, restricting food availability to periods of normal inactivity (groups 9PF and 14PF vs group C) led to a major shift in the time of delivery as well as to a distortion of the normal activity patterns. These results confirm that feeding rhythms are potent entrainers of birth time in rats and that they interact with the light regime. Pregnant rats seem to be organized so that birth either precedes the main daily physical activity or follows it, depending upon the environmental conditions. Introduction.
Summary. The temporal relationship between time of birth and daily physical activity has been studied in rats submitted to different feeding rhythms. Animals, put under 14 h of light and 10 h of darkness (lights on from 6 to 20 h), were isolated at mating (day 1 of gestation) and assigned from day 8 to one of five groups. Group C was fed ad libitum, and groups 2PF, 9PF, 14PF and 21 PF had food available for three hours per day from 2, 9, 14 and 21 h, respectively. In groups 9PF and 14PF, births were clustered in one single period during the night between days 22 and 23 of gestation. In groups C, 2PF and 21 PF, births were distributed into two periods, during the afternoon of day 22 before darkness and after dawn of day 23. The birth rates of these groups were 55.3, 74.2 and 27.6 %, respectively, on day 22 and 44.7, 25.8 and 72 .4 % on day 23. No births occurred during the times that food was available ; they were noted in all groups at times when the animals were least active according to records kept throughout gestation. Thus, restricting food availability to periods of normal inactivity (groups 9PF and 14PF vs group C) led to a major shift in the time of delivery as well as to a distortion of the normal activity patterns. These results confirm that feeding rhythms are potent entrainers of birth time in rats and that they interact with the light regime. Pregnant rats seem to be organized so that birth either precedes the main daily physical activity or follows it, depending upon the environmental conditions.
Introduction.
The time of birth is photodependent in rats. When caged alone and fed at will they show two main periods of delivery ; the relative number of births during these periods and the respective times they occur on each of the last two days of gestation characterize the photodependent effect (Lincoln and Porter, 1976 ; Bosc, 19811 . Between these periods, few or no parturitions occur ; this interval coincides with the dark phase of the photoperiod (Bosc, 1981) . ).
Other environmental cues, such as an imposed feeding rhythm, may affect birth distribution in this nocturnal species (Bosc and Nicolle, 1985) . When food and water are given only during the early light phase of a standard light regime, most deliveries occur during the night between the usual last two days of pregnancy. This periodic presentation of food and water at a given daily time also entrains a feeding rhythm (Obled et al., 1977 ; Morimoto et al., 1979 ;  Miyabo et a/., 1980) which differs from that of animals fed ad libitum, since the latter usually eat during the nocturnal period (Besch, 1970 ; Obled et al., 1975 Obled et al., , 1977 .
The difference in birth time between rats fed at will and those with an imposed feeding rhythm has suggested the existence of an obligatory shift between two types of activity : labor on one hand, and feeding or related activities on the other (Bosc and Nicolle, 1985) . The days, 5-6 weeks before the males were introduced. About one-half of the animals of the control group were submitted to this inverted light regime ; as their birth distribution was similar to that under the original light regime, the data of the two subgroups were pooled for analysis. Analysis was carried out after the data had been reconverted into the actual times of the colony.
Observations were done as previously described (Bosc and Nicolle, 1980) . The rats were checked every two hours on days 22 and 23 of gestation, and their births were therefore plotted at two-hour intervals, the onset of expulsion being the time of delivery. Birth distributions were then compared using the Kolmogoroff-Smirnof test (Siegel, 1956) or as to the interval between birth and a given reference point such as last dawn or last feeding ; the latter was chosen according to observed birth distribution (variance analysis ; Vessereau, 1960) . The homogeneity of the five groups was assessed on the basis of litter size, still-birth rate and birth weight of live pups (Vessereau, 1960 (fig. 1a) . Groups 21PF and 2PF differed from group C in this respect (P < 0.05 or < 0.011. In these three groups (C, 21 PF and 2PF), the absence of deliveries between the two birth periods corresponded to night, and this phenomenon was more marked in groups 21 PF and 2PF than in group C (fig. 1a) fig. 3c and group 14PF, fig. 3b ), the rats were also active during its presentation (from day 8) ; daily spurts of activity were evident from about midgestation but, in general, the rats became progressively less active during the night. All monitored rats gave birth at the times noted for their respective groups ( figs. 1a, 1b) (figs. 3c, 3b or fig. 4c ).
Discussion.
The results of this experiment confirm that feeding rhythms are potent modulators of birth time in rats. These rhythms act by an interaction with the photoperiod, as observed previously in other conditions (Bosc and Nicolle, 1985 fig. 1 b) . The difference in the interval between feeding and birth raises a question concerning the putative variations in the duration of labor or in the time at which birth is initiated.
It is not known if the mean duration of labor in rats is subject to circadian variation, as described in humans (Malek et al., 1962 ; Breart and Rumeau-Rouquette, 1979) ; however, it is unlikely. The still-birth rate, which increases with the duration of expulsion (Bosc and Nicolle, 1979) , was low in all groups (table 2) and thus provides an indirect argument for this statement. In contrast, it is known in this species that the interval (about 25 h) between the necessary decline in blood progesterone concentration and the onset of birth remains constant under photoperiodic conditions which have been studied (Bartholomeusz et al., 1976 ; Nicholas and Hartmann, 1981 ; Puri and Garfield, 1982 ; Sherwood et a/., 1983) . It is also worth noting that, in this species, the increase of EMG activity of the uterus starts 20 to 24 h before the first fetus is expulsed (Legrand and Maltier, 1981 ; Germain et al., 1985) . This suggests that, in our conditions, the time of luteolysis and the beginning of labor may occur at different times of the day, depending on the phase relationships of the two exogenous entrainers.
The obligatory shift between delivery and feeding is illustrated by the following facts. The feeding procedure adopted in this experiment generated a main circadian period of activity at the time of food availability (figs. 2, 3, 4) and resulted in definite and characteristic birth distributions ( fig. 1 ) . From the records of activity and from the birth distribution curves, it can be seen that births occurred during the least active period of the day and never during the feeding periods.
The control rats fed at will and normally active during darkness (figs. 2, 3, 4) delivered before or after the night between days 22 and 23 of gestation ( fig. 11. ) . Feeding the rats during the afternoon (group 14PF) or the morning (group 9PF), times at which they would have given birth if fed ad libitum, caused parturition to occur between these times ( fig. 1b) . At least, ad libitum rats preferentially ate their food at the beginning and end of the noctural period (Obled et al., 1975) ;  feeding the rats at one of these times (group 21 PF or 2PF) resulted in two periods of birth, as for the controls, but changed the birth rate of each period ( fig. 11. ) .
The opposition between birth and the main active periods of the day and/or feeding suggests that the time of birth in rats is regulated by at least two endogenous oscillators related to dawn and dusk. It has already been shown that the nocturnal period of locomotor activity (Pittendrigh and Daan, 1976) , or wheel running activity (Edmonds and Adler, 1977) , in rodents is controlled by such a mechanism. This is also true of the time of ovulation which is delayed by dusk light and advanced by dawn light McCormack, 1979, 1980 ; McCormack and Sontag, 1980 (Bosc, 1981) which was reinforced by the presentation of food at that time. By contrast, lights on had a stimulatory influence since the birth period began at dawn on day 23 of gestation in rats fed at will and put under different photoperiods ( fig. 1) (Bosc, 1981) . The 25-hour latency observed between luteolysis and birth (Bartholomeusz et al., 1976 ; Nicholas and Hartmann, 1981 ; Puri and Garfield, 1982 ; Sherwood et al., 1983 ) also supports such a mechanism. In this model applied to environmental conditions and birth time in rats, a third component must be included.
Two definite periods of birth are often observed, depending on the photoperiod (Bosc, 1981) or the feeding regime (Bosc and Nicolle, 1985) (Reynolds, 1965 ; Bosc and Nicolle, 1980) . In this experiment, the total activity time decreased as gestation progressed. This was probably due to pregnancy itself but perhaps also to the fact that the rats were isolated at mating. The feeding procedure certainly exerted some effect since the decrease in activity time was more pronounced in rats fed three hours per day than in the controls (table 3) . It is interesting also to note that the relative weight gain of the dams during gestation as well as the birth weight of the pups was lower in the groups submitted to periodic food presentation than in those fed ad libitum (table 2). The main reason was probably the reduction of dam food intake as observed in non-pregnant females under similar conditions (Krieger, 1974 ; Krieger et al., 1977 ; Morimoto et al., 1979) . However, the weight gain of the dams in the three groups fed periodically (2PF, 9PF, 21 PF1, and which showed different birth distributions ( fig. 11, 
